Vendor supplied CMOS sensors were exposed to 14 MeV neutrons on yield shots in NIF and examined for damage. The sensors were exposed to multiple shots with a maximum fluence on one of the sensors of 4.3E11 n/cm 2 . The results of post-shot testing will be presented. LLNL is investigating the suitability of CMOS imaging sensors for use in the camera of the ARIANE diagnostic which will mitigate the effects of the NIF neutron environment by dumping photoelectrons during the neutron pulse and then recording an image stored on a long persistence phosphor.
INTRODUCTION
The LLNL Target Diagnostics community has to ensure the survivability and operability of instruments in the harsh radiation and EMP environment of the NIF. Diagnostics record gated, streaked, or integrated images of phenomena. Some cameras record X-ray pinhole images directly [1, 2] while others record the light output from a phosphor on the back of a streak tube or MCP [3, 4] . Electronic image acquisition by electronic cameras is preferred over film because they do not have to be exchanged after every shot. However neutrons that get to an imaging sensor can generate charge in a pixel that is indistinguishable from the charge of the desired image. At high enough levels the neutron-induced charge can saturate the sensor, rendering the image useless. Also, repeated exposure from the 14 MeV neutrons produced by shots can introduce damage into imaging sensors that will also degrade images to the point that the sensor has to be replaced. NIF needs imaging sensors that can work in this environment and last for as long as possible before requiring replacement.
Dump and Read of Neutron-Induced Charge
One concept being developed by LLNL is to have an image recorded on a long decay phosphor. The imaging sensor will be put into a mode where the neutron-induced charge is "dumped". Once the neutron background has passed the imager will integrate the remaining image on the phosphor. This concept is planned for use on a high yield imaging system planned for NIF, the active readout in a neutron environment or ARIANE. [5] The X-ray pinhole image gating with a readout phosphor will acquire the desired image. Relay optics or a fiber bundle will be used to transfer the image to the camera that will reside in a shielded housing. project it was decided to start with some preliminary testing that would help us to convince ourselves that this CMOS sensor is a viable alternative.
As part of its product research and development process SRI fabricates "Sandbox" reticules with a number of prototype sensor designs. Among these are "minimal" arrays, imaging sensors of a standard size which when mounted are used to test pixel designs in a standard electronic test set [8] . LLNL purchased one of these test sets and several imagers from SRI and contracted with SRI to provide support for a study of the effect of neutron irradiation on the minimal array.
In a parallel effort SRI studied the reset circuitry in their CMOS design to determine if it would be capable of handling the neutron and gamma-induced charge in a dump and read camera. Pixels were illuminated with a pulsed LED at levels that produced photocharge similar to the amount predicted for the radiation-induced charge. The exposure resulted in charge 3 to 4 times saturation for the pixel, and it could be cleared in under 10 μsec which was determined to be suitable for ARIANE.
CMOS SENSOR AND TEST SET

CMOS Sensor
The minimal array selected for the test was from the Sandbox V-B run. It was a 256 x 248 array of five transistor pinned photodiode (5TPPD) 16 μm ring pixels. "Ring" refers to the sense node being in the center of the pixel with a square transfer gate surrounding it like a picture frame. While this design is different from the pixel design being developed for the Mk x Nk imager, it was decided that the area of the large ring transfer gate would make it more susceptible to neutrons and would thus present a worst-case scenario for damage. The epitaxial layer was 15 μm of 10,000 Ω-cm Si.
METS Evaluation Board
LLNL purchased a Minimal Evaluation Test Set (METS) board set from SRI and a National Instruments (NI) NI-1422 frame grabber board for computer acquisition of images (Figure 3) . The board reads out a minimal array at a 50 kHz pixel rate. NI LabVIEW software was used to acquire and store an arbitrary number of images. The board includes an LED mounted in a housing that may be used to test the sensor under different illumination levels. This board was used for pre-and post-irradiation testing at LLNL. 
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